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ABSTRACT    
  
Kenney, Riley, MAT, May 2017          Athletic Training  
  
REVIEWING THE USE OF INJURY SCREENING ASSESSMENTS AND IDENTIFYING RISK OF INJURY 
Lower extremity injures account for over half of reported sports related injuries with the ankle 
and knee being the most commonly injured joints. The majority of non-contact injuries related 
to these two joints can potentially be prevented through individualized prevention programs. 
Biomechanical injury screening has the potential to identify the risk factors associated with 
injury and allows the implementation of targeted rehabilitation strategies to combat the 
identified deficits. There is substantial need for screening assessments that are practical and 
accurate for the clinical athletic trainer. This literature reviewed examined the dorsiflexion 
lunge test, Functional Movement Screen (FMS), Y-Balance, Star Excursion Balance Test and the 
lower extremity strength assessment as preseason screening tools and their ability to predict 
future injury of primarily the knee and ankle. Practicing athletic trainers need an assessment 
tool that is inexpensive, easy to implement and has the ability to screen large numbers of 
athletes efficiently. The Y Balance test is recommended to implement as part of the preseason 
pre-participation exam so the athletic trainer can identify athletes who are at higher risk for 
injury and develop an individualized rehabilitation program to improve this deficits and 
ultimately reduce injury rates. This assessment screen has the highest sensitivity and best 
likelihood ratios. These values are specific for non-contact injuries and produce a minimal 
amount off false positives. 
  
Chairperson:  Valerie Moody  
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Introduction 
Since 1988, the National Collegiate Athletic Association (NCAA) Injury Surveillance 
System has collected injury and exposure data from 15 sports through reporting by athletic 
trainers.1 Participation in athletics has increased 80% and 20% in females and male sports 
respectively. The number of certified athletic trainers working in the collegiate setting has also 
increased 86% since 1995. The NCAA Injury Surveillance System estimates over one million 
injuries have occurred across the 15 studied sports in the last five years.1 Sixty-four percent of 
these injuries occurred at practice and 22% required a period greater than seven days to return 
to full competition. Annually, over 8,000 injuries require surgery with nearly 2,000 needing 
emergency transport.1  
Over half of the total injuries were reported as sprains, including anterior cruciate 
ligament (ACL) tears, or strains. The same percentage, over 50%, of injuries were to the lower 
extremity, mainly the ankle and knee.1 An average of 11,000 ankle sprains occur each year over 
the 15 studied sports with men’s basketball yielding the highest prevalence. An annual increase 
of 1.3% in the incidence of ACL injuries was also reported with an estimated 2,000 per year.1 
There was more overall injuries in practice over games because there was 4.5 times as many 
practice athlete-exposures than competition.1 
The injury risk across all sports in intercollegiate athletics is one injury every two games 
and one injury every five practices.1 This rate indicates a need to identify and modify the risk 
factors that predispose athletes to injury to reduce this growing epidemic of NCAA injuries. 
Injury prevention strategies could significantly reduce the 37% and 42% of non-contact injuries 
 
 
that occur at practice and in games respectively.1 The first step before implementing 
individualized rehabilitative exercises to correct deficits is to identify injury risk factors. 
Biomechanical preseason injury screening assessments have the ability to identify 
athletes who are at a higher risk for injuries. Research has shown the effectiveness of several 
testing methods, such as the Functional Movement Screen, Star Excursion Balance Test, 
musculature strength, joint range of motion, and motion analysis, in determining factors 
associated with injury. However, there is little evidence about the accuracy of these tests used 
in combination rather than each individually. Therefore, the purpose of this professional paper 
is to review common injury screening assessments to determine which, if any, are able to 
better predict risk of injury that are readily available and easy to implement for the practicing 
clinician. At the conclusion of this paper is a recommendation to practicing athletic training 
clinicians regarding appropriate selection of injury screening assessments based on the best 
evidence available.  
Review of Literature 
 The ability to predict injury through the use of screening assessments has been 
researched significantly. This area of research was examined to identify relationships between 
scores of different testing methods and injury occurrence. This examination focused on knee 
and ankle athletic related injuries due to their high prevalence. Most research has centered on 
the risk factors surrounding ACL injuries in athletes, although risk factors have been identified 
concerning ankle injuries as well. The literature strongly indicates a need for accurate and 
efficient screening assessments to reduce the frequency of lower extremity athletic injuries.  
 
 
Psychological Impact of Injury 
Considering personal grief, disability consequences and high costs associated with 
athletic injuries, the importance for the prevention of these injuries is significant. Normal 
response to athletic injury includes sadness, isolation, irritation, lack of motivation, anger, 
frustration, changes in appetite, sleep disturbances and disengagement.2 If these responses are 
not addressed properly then they may manifest and become problematic. Caloric restriction 
leading to disordered eating is a common issue following major injury because the athlete is 
unable to exercise daily due to injury limitation. Substance use and abuse may be used to 
modulate the emotions experienced because of injury. Twenty-one percent of collegiate 
athletes reported high alcohol use and a correlation was found between depressive symptoms 
and alcohol abuse.2  
 Athletes also undergo the five stages of grief in varying capacity after an injury.3 First, 
they experience denial in which they assume the health care professionals with the diagnosis 
must be mistaken, refuse to believe the extent of the injury and often seek a second opinion. 
Anger then sets in and the athlete resents the injury and usually the health care professional, 
such as an athletic trainer, that is working with them. Daily tasks are suddenly more difficult 
and the athlete becomes frustrated with the limitations caused by the injury. Athletes then try 
to push their limits early to speed up the recovery process in the third stage, bargaining, 
because missing playing time is more painful than the actual injury. Depression is the worst 
stage and generally the most difficult to overcome.3 Thirty-three percent of injured Division I 
football athletes self-reported high levels of depressive symptoms compared to 27% of the 
uninjured population.2 Factors such as considerable success before injury, an injury that 
 
 
requires surgery, long rehabilitation with restricted playing time, inability to return to the prior 
level of competition and being replaced in their position by a teammate have been found as 
predictors of athlete suicide risk.2  
 Loss of identity, isolation from the team and inability to cope with the stressors 
associated with injury both affect rehabilitation and predispose an athlete to injury.3 Although 
athletes are at a higher risk for developing disordered eating, depression and substance abuse 
following injury, this population is also less likely to seek help for mental health issues than 
non-athletes.2 Therefore, there is a significant importance in the prevention of these injuries. 
However, prevention programs would be more effective if they were individualized to each 
athlete. In order for this to happen, preseason screening tools are needed that have the ability 
to identify athletes who are at a higher risk for injury.  
Predicting Injury 
 There is a significant need to establish injury screening tools and subsequent prevention 
programs to minimize the financial, emotional and medical burden of sport injuries. Research 
addressing the possibility and effectiveness of injury prediction methods is conflicting. 
Historically, the Functional Movement Screen (FMS) has been utilized in pre-participation 
assessments to identify athletes with a higher risk of injury. The FMS consists of seven 
bodyweight movement tasks that are intended to quickly and easily identify restrictions or 
alterations in normal movement.4 It has been found that neuromuscular control, core stability 
and contralateral muscular imbalances are the main factors that predispose athletes to injury 
and the FMS has the ability to detect these factors.4 
 
 
  Multiple studies have investigated the correlation between FMS score and injury 
prevalence. One study found that 69% of the female collegiate subjects in lower extremity 
dominant sports who scored less than fourteen sustained an injury.4 They concluded through 
linear regression that there is a predictive relationship between FMS score (less than 14) and 
injury risk in athletes without a history of major musculoskeletal injury.4 Athletes scoring less 
than fourteen were also four times more likely to sustain an injury in their competitive season. 
Another study established a 0.91 specificity of the FMS for serious injury which was defined as 
the athlete on injured reserve for a minimum of three weeks.5 The authors, however, could not 
establish a cause and effect relationship between injury risk and low FMS score. In a similar 
study involving professional football players, at least one asymmetry on the FMS regardless of 
the total score increased the injury risk.5  
 The consequences associated with injury and the need for accurate screening tools are 
not limited to athletes. The injury rate among firefighters in nearly the highest across all 
occupations at 88,500 each year.6 Forty-four percent have suffered a sprain or strain while on 
duty. Linear regression found a correlation between firefighters’ FMS score and past 
musculoskeletal injury.6 Previous injury lowered FMS by 3.44. Logistic regression, on the other 
hand, found no significant correlation between FMS score and injury occurrence.6 In the 
military, about one million non-deployed active service members have experienced an injury. 
Musculoskeletal injuries accounted for 24% of all medical evacs and nearly 40% of recruits in 
boot camp suffered an injury.7 Service members with a FMS score under 14 and three mile run 
time greater than 20.5 minutes were four times more likely to sustain an injury. Run time and 
FMS score combined were better predictors of traumatic rather than overuse injuries.7  
 
 
 Most of the studies available only established a correlational relationship between a 
specific screening tool and injury risk. To produce a causal relationship, a cutoff value of the 
screening assessment needs to be determined to separate athletes into high and low risk 
groups. A randomized control trial with an intervention program for high risk athletes then 
must determine if injury risk is truly caused by the predetermined variable.8 Currently there is 
no screening test that can predict injury with adequate test properties and no intervention 
study with evidence in support of screening result.8 Although some may say that injury 
prediction through screening test is unrealistic8, there is a high demand for such a test by 
athletes, coaches, health care professionals and team owners.  
Lower Extremity Injuries 
 Lower extremity injuries account for 53% of all injuries sustained across nine sports 
which is equivalent to over 800,000 lower extremity injuries nationally across high school 
athletics.9 In basketball, the lower extremity is the most frequently injured body area, 
accounting for 62% of all injuries. The ankle is by far the most commonly injured joint at 18% of 
all injuries.9 However, injury to the knee and patella resulted in more games missed than the 
two most commonly injured areas, ankle and lumbar spine.9  
Knee Injuries 
Screening Tools  
Along with the ankle, the ACL of the knee is one of the most common lower extremity 
injury in the NCAA sports.10 Between 150,000 and 200,000 ACL injuries are reported across the 
United States each year. 30,000 of those injuries occur in female athletes resulting in nearly 
 
 
$650 million of medical costs each year.11 The average expense of an ACL injury, including 
surgery and rehabilitation services, total around $17,000. The common mechanism of injury 
includes a noncontact, deceleration motion involving lateral pivoting or twisting and landing.12  
ACL injuries result in osteoarthritic change and overall cartilage damage in fifty to ninety 
percent of patients seven to twenty years after injury.13 There is also an increased risk for a re-
injury after ACL reconstruction as high as one in every four people. The risk of a second tear is 
higher in athletes under eighteen years old.14 Due to the expenses and long term consequences 
associated with ACL ruptures, recent research has been focused on identifying risk factors that 
may predict the likelihood of injury. 
It has been shown that females, especially athletes, are more susceptible to ACL tears 
than males. The NCAA Injury Surveillance System reported that of the female athletes who 
suffered an ACL injury, 60% had a noncontact mechanism whereas 59% of the ACL injured 
males were described as a contact injury.10 This study spanning fifteen NCAA sports showed a 
continued disparity of the overall injury rate between male and female athletes. Anatomical, 
hormonal and neuromuscular differences between males and females have been determined 
to influence this injury rate disparity. Factors such as thigh length, femoral notch width, Q 
angles, and navicular drop cannot be altered to improve biomechanical aspects of the lower 
extremity.12   
Most of the research pertaining to lower extremity injury screening, ACL ruptures in 
particular, identify one specific risk factor that was found using one diagnostic test which was 
designed to look for that specific deficit. Currently, the gold standard is 3D video measurement 
 
 
joint kinematics to screen at risk people.15 However, 2D video analysis, EMG information, 
Landing Error Scoring System (LESS), postural sway and the Star Excursion Balance Test (SEBT) 
have all been used to recognize common deficits and dysfunctional movements associated with 
lower extremity injury. However, it is currently unknown if these diagnostic assessments have 
the ability to predict lower extremity injury. They are successful in identifying alterations in 
movement that may predispose athletes to injury and therefore indicate a need for prevention 
programs.  
Risk Factors  
Previous injury history is the most consistent predictor of future injury, but cannot be 
modified.5 Instead, biomechanical variations that can be improved have been the target of 
much of the research involving lower extremity injury prediction risk factors. The majority of 
the studies mention lower extremity valgus, mainly during drop-jump, as a critical predictor in 
ACL injury risk.6,11,16,17 Deficits in neuromuscular control, postural stability and quadriceps 
dominance are also commonly cited topics of interest.6,11–14,16,18 The overall goal of identifying 
risk factors is to design an assessment tool in order to determine athletes at a higher risk of 
injury. There is a great need for a screening assessment that inspects all potential risk factors to 
understand the injury rate disparity between sexes, reduce healthcare expenses and eliminate 
the long-term consequences associated with ACL tears. 
The National Basketball Association (NBA) determined that the style of play of the 
athlete and the individual workload increases risk of injury. This is broken down into the 
average speed players run during the game, total number of games played, average distance 
 
 
covered by the player throughout the game, average number of minutes played and the 
average number of field goals attempted.19 According to the authors’ algorithm, they concluded 
that by resting the top 20% of the high-risk scores at any given day, there is a potential to 
prevent 60% of all injuries. They believe that injury risk evolves daily and the assessment of the 
risk needs to be adapted daily as well.19 
 The LESS can successfully distinguish ACL risk factors with good inter- and intra-rater 
reliability. But the ability to predict ACL injury based on these risk factors was not included in 
the study.20 When used to assess military cadets, authors found that LESS can quickly and 
reliably assess movement patterns in a large population. They identified several differences 
between males and female abnormal landing patterns. Males tended to most commonly utilize 
an uneven heel strike landing with tibial external rotation. Females landed with a wider stance 
which leads to valgus collapse of the knee.20 Despite these differences, all of these factors are 
considered high risk movements in ACL injury. 
 Postural stability has also been identified as a risk factor for ACL injury. A deviation of 
the center of mass increases the valgus load on the ACL and makes this structure vulnerable. 
Including balance components in training and especially rehabilitation programs after injury, 
both single and double leg, is crucial in improving postural stability.14 Similarly, neuromuscular 
control is important in maintaining balance and has been determined to be the primary 
contributor of ACL injury. Neuromuscular training has the potential to significantly decrease 
ACL injury rates, but the efficacy and efficiency of training protocols could be improved if they 
could be designed specifically for predetermined high risk athletes.12 Feed forward mechanisms 
to load and stabilize the joint are required ACL injury occurs at 17-50 milliseconds after initial 
 
 
ground contact. There is no time for mechanosensory feedback so the knee must rely on the 
neural reactivation of knee flexors just before ground contact and proprioception.13  
 Regardless of the importance of identifying risk factors closely associated with knee 
injury, accurate prescreening tools are in high demand to classify high risk athletes. Without 
injury prediction methods, health care professionals are unable to provide individualized 
interventions to these athletes in an attempt to decrease the injury risk and associated 
consequences of injury. 
Ankle Injuries 
Screening Tools  
 The SEBT is an inexpensive, quick and reliable test that can be used to screen for lower 
extremity injuries.21 Poor balance during this test was associated with an increased risk of ankle 
injury. The strongest predictor, however, is a history of ankle injury which increases the 
likelihood of risk fivefold.17 As with the knee, this factor cannot be modified. Instead, balance 
and the associated postural sway are considered the most closely related to ankle injury.22,18 A 
simple single leg balance test can be used as a screening tool by health care professionals to 
identify high risk athletes.22 This can be done objectively with the athlete on a force plate that 
measure deviations in center of mass. Or, it can be performed with the health care professional 
scoring athletes’ sway. Again, similar to knee screening tools, only correlational relationships 
have been found between ankle injuries and the associated risk factors. Researchers do seem 
more confident in the ability to predict susceptibility to injury with single leg balance tests 
nevertheless. 
 
 
Risk Factors  
 Ankle injuries are a common occurrence in basketball, often with residual symptoms 
affecting performance and chondral lesions.17 Preventative strategies need to be implemented, 
but first risk factors associated with ankle injuries must be identified. Postural sway, muscle 
weakness and imbalance, poor flexibility, hypermobile ankle joint, poor proprioception and 
previous injury are intrinsic factors that have been recognized as increasing injury risk.18 
Correlations have been found between a high variation of postural sway and a greater 
likelihood of injury. However, this correlation in one study could only explain 20% of the 
increase in injury prevalence.18 Similarly, another study discovered an association between 
ankle sprains and a positive single leg balance test.22 The authors stated that this correlation 
predicts susceptibility to ankle injury, but the exact mechanism responsible for the increased 
risk of injury is unknown. They also found that the failure to tape the ankles was detrimental in 
athletes with a positive single leg balance test.22 
Summary 
 The desire for injury prediction methods has been at the forefront of clinicians involved 
in sports medicine for decades. Coaches continue to push athletes to improve their 
performance, but with that, comes injuries and the psychological responses to injury. Lower 
extremity injuries account for more than half of all sports injuries and are arguably the most 
preventative. The profession of athletic training is moving more towards a preventative 
mindset rather than rehabilitative. However, clinicians are in need of more information that will 
help identify athletes who are susceptible to ankle and knee injuries. Injury screening 
 
 
assessments provide clinicians with the opportunity to identify at risk athletes and therefore 
install an individualized preventative rehabilitation program to reduce this risk. 
Screening Assessments Procedures 
Lower Limb Length 
Limb length is used to normalize data collected in all the screening tests. Athletes are 
placed in a supine position on a treatment table.  A standard tape measure is placed on the 
anterior superior iliac spine (ASIS) to the distal portion of the medial malleolus bilaterally. 
Possible pelvis malposition is not taken into account during these measurements.  
Y Balance 
The Y balance test is an adaptation to the Star Excursion Balance Test (Fig. 1). The intra- 
and interrater reliability of the Y balance test is 0.85-0.91 respectively.23 It has been found that 
a difference greater than four centimeters between limbs in the posteromedial direction 
significantly (p=0.001) increases the risk of a non-contact injury by 3.86. Similarly, a deficit of 
the same difference in the anterior direction increases likelihood of a non-contact and/or 
contact injury by 2.5.23 Three tape measures can be fixed to the floor in a Y shape (Fig. 2), or 
standard athletic tape may also be used in the same pattern. The athlete then places the distal 
end of the longest toe at the center point where the three lines intersect. 
The athlete is then instructed to maximally reach in each direction, posteromedial, 
posterolateral and anterior, tap the tape measure with the foot and return to the starting 
position while keeping the stance foot flat on the ground. The trial is repeated if the athlete 
 
 
loses his/her balance during the exercise or when returning to the starting position or if the 
athlete places the reaching foot on the ground to maintain posture. Each athlete is allowed four 
to six practice runs in each direction before completing three trials where the maximal distance 
is recorded. Devices may also be used that have a sliding mechanism where subjects stand 
facing forward on one block and slide other blocks as far as possible with the tip of the toe in all 
three directions without moving the body (Fig. 3).23 
The Star Excursion Balance Test has a similar procedure to the Y Balance test, but also 
includes reaches in the posterior, anteromedial, anterolateral, lateral and medial directions in 
addition to the anterior, posteromedial and posterolateral direction for a total of eight 
reaches.24 Typically tape is placed on the floor in an asterisk like formation and the patient 
stands facing forward, reaches in all eight directions and then the clinician measures the 
distances with a standard tape measure.  
Functional Movement Screen  
Athletes with scores of fourteen or less on the Functional Movement Screen (FMS) are 
significantly associated with injuries. Sensitivity and specificity of the FMS as a whole are 0.55 
and 0.49 respectively for overall risk of injury.25 A significant correlation has been found 
between FMS (Fig. 4) scores under fourteen and injury prediction in athletes without previous 
ACL reconstruction.4  
Deep squat 
The athlete stands with feet shoulder width apart, grasps a dowel in both hands and 
presses the dowel directly above the head. The athlete then descends in a squat as deep as 
 
 
possible while maintaining an upright torso and keeping heels and dowel in position.26  A score 
of three is awarded if the upper torso is parallel with the tibia, the femur is below horizontal 
and the knees and dowel are aligned over the feet. A two is recorded if these criteria are met 
only when the heels are elevated on a block. As with all of the test positions, a zero is given if 
there is any pain associated with the movement.27 
Hurdle Step 
While standing tall, the athlete places a dowel behind the neck, across the shoulders. 
They then raise the light leg and step over the hurdle while maintaining foot alignment with the 
ankle, knee and hip. The athlete touches the floor with the heel and returns to the starting 
position.26 A score of three is earned if the hips, knees and ankles remain aligned in a sagittal 
plane with minimal movement in the lumbar spine. If the athlete fails to achieve these criteria, 
a two is given.27 
Inline Lunge 
First, the athlete places a dowel along the spine with it touching the head, upper back 
and middle of the buttocks. The right hand should be against the back of the neck and the left 
on the lower back. The athlete then steps onto a 2x6 with a flat right foot and the left heel 
placed ahead at a distance equal to the length of his/her tibial tuberosity. While keeping the 
dowel in contact with the body, the athlete descends into a lunge so the right knee touches the 
2x6 behind the left heel and returns to the starting position.26 A score of three is described as a 
lunge with no torso movement, dowel remains in contact with the body and vertical and dowel 
and feet stay in a sagittal plane.27 
 
 
 
Shoulder Mobility 
After making a fist with the fingers around the thumb, the athlete places the right fist 
overhead and down the back as far as he/she can while simultaneously placing the left fist up 
the back as far as possible without creeping the hands closer together. The examiner then 
measures the distance between the two closest points of each fist.26 If the fists are within one 
hand length and one-and-a-half hand lengths, then a score of three and two are given 
respectively.27  A shoulder clearing test can also be given by having the athlete place his/her 
right palm on his/her left shoulder while raising the elbow as high as possible. If this is painful, 
the shoulder mobility test should not be performed.26 
Active Straight Leg Raise 
The athlete lays supine with the back of the knees against a 2x6, toes pointing up and 
arms next to his/her side with palms facing up. The athlete then pulls the toes of the right foot 
toward the shin and raises the right leg straight off the ground as high as possible while keeping 
the back of the left leg on the 2x6.26 A three is recorded if the vertical line of the malleolus 
resides between the mid-thigh and ASIS. If the vertical line is between the mid-thigh and joint 
line, then a score of two is given.27 
Trunk Stability Pushup 
The athlete assumes a prone position with feet together and hands shoulder width 
apart. The athlete begins with his/her thumbs at the top of the forehead with the knees fully 
 
 
extended and ankles dorsiflexed. The athlete is then instructed to perform one pushup in this 
position. A score of three indicates the athlete is able to lift the body as a unit with no lag in the 
lumbar spine.  If the athlete cannot perform a pushup in this position, the thumbs move to chin 
level and the procedure is repeated.26 A score of two is given if the pushup is completed in this 
second position with no lumbar spine lag. A score of one is given if the subject cannot perform 
a repetition with the body lifting as a unit.27  
Rotary Stability 
The athlete gets on his/her hands and knees over the 2x6 with hands under the 
shoulders and knees under the hips. The thumbs, knees and toes must contact the sides of the 
board with toes pulled toward the shins. The athlete then reaches the right hand forward and 
right leg back at the same time. Without touching down, the right elbow is pulled in and 
touched to the right knee, and then returned to the extended position again before resuming 
to the start position. If the athlete is unable to perform this movement, it may be modified to a 
diagonal pattern. The right arm and left leg are extended and then the same procedure is 
followed.26 A score of three indicates that the athlete could perform the correct unilateral 
repetition; a two is for a correct diagonal repetition while maintaining proper positioning.27 
Muscle Strength 
Hip muscle strength, particularly external rotators and abductors, is important in 
resisting the external forces placed on the knee and ankle during functional movements. The 
knee’s most vulnerable position is in hip adduction and internal rotation resulting in knee 
valgus and tibial internal rotation.11 Proper hip musculature strength, especially in the gluteus 
 
 
medius, is required to counteract this position and protect the knee. Isometric strength of the 
hip abductors and extensors can be assessed using a hand-held dynamometer. For the hip 
extensors, the athlete is supine on the table with the knee flexed at ninety degrees. The 
dynamometer is placed on the middle of the posterior thigh and is secured using a mobilization 
strap. The athlete is then instructed to maximally extend the hip while keeping the pelvis on the 
table. Trials continue until two measurements are obtained that are similar and repeat 
bilaterally.28 The athlete then moves to a side lying position with the test leg on top and hips 
rolled slightly forward to look at abduction strength. The dynamometer is placed proximal to 
the knee on the lateral aspect of the thigh. The athlete then maximally abducts the hip against 
the mobilization strap securing the dynamometer. Adduction strength is taken in the same side 
lying position, but now the test leg is on bottom. The dynamometer is placed just proximal to 
the medial femoral condyle as the researcher held the top leg.28 Internal and external hip 
rotators are tested with the athlete sitting with the lower legs off the table. The dynamometer 
is placed just proximal to the medial malleolus for external rotation and above the lateral 
malleolus for internal rotation. Hip flexion is also collected with the athlete in a seated position 
with the dynamometer about 2cm proximal to the femoral condyles.28 
Co-activation of the hamstrings and quadriceps protect the knee joint against anterior 
tibial translation. Although this majority of this co-activation is controlled by the quads, 80% to 
40% hamstring, deficits in hamstring strength directly limit the potential for muscular co-
contraction to protect the ligaments.12 This may lead to quad dominance that is defined as the 
imbalance between the recruitment pattern of the knee flexors and extensors. There may also 
 
 
be a leg dominance which is an imbalance in strength between limbs. This may result in one 
side having a greater dynamic control and an over reliance on one limb.12  
Isokinetic quadriceps strength can be measured using an isokinetic device, which is a 
computer controlled electromechanical dynamometer. The device provides resistance during 
isokinetic movement and during isometric muscle contractions. Signals from the force, angle, 
and velocity are processed and displayed on the computer monitor. The test limb is attached to 
the dynamometer via a padded cuff which is attached to housing containing strain gauges. 
Different limb lengths can be accommodated by moving the housing along a metal lever arm. 
The axis of the dynamometer motor is adjusted to match the axis of rotation of the tibiofemoral 
joint, while the distal edge of the shin attachment is placed about five centimeters proximal to 
the lateral malleolus of the test leg. Athletes are positioned on the machine by a trained 
operator with hip flexed to ninety degrees and knee flexed to seventy-five degrees.29 Both 
waist and trunk straps were used for stabilization. Athletes perform two submaximal 
contractions lasting two to three seconds and one maximal isometric contraction. Athletes are 
given a total of three trials, with the last one being maximal contraction. Hamstring and 
quadriceps strength are assessed both eccentrically and concentrically at varying angular 
velocities depending on the study. Quadriceps strength can also be assessed with a hand-held 
dynamometer (Fig. 5). The athlete sits with knee flexed between 85 and 90 degrees and 
maximally extends the leg against the resistance of the dynamometer which is placed on the 
distal anterior tibia.29 Although isometric electromechanical dynamometry is considered the 
gold standard in assessing quadriceps strength, the hand-held dynamometer has a specificity of 
 
 
0.72 and sensitivity of 0.83 compared to gold standard when determining return to play after 
knee injury.29 
Weight Bearing Dorsiflexion Lunge Test 
The weight bearing dorsiflexion luge test (WBDFL) is used to assess active ankle 
flexibility (Fig. 6). The athlete places his/her foot perpendicular to the wall and flexes the knee 
forward towards the wall. The foot is progressively moved away from the wall until maximum 
range of ankle dorsiflexion is reached without the heel lifting from the floor.30 A tape measure 
records the distance from the great toe to the wall while minimizes errors that are common 
when using a goniometer. ICCs of 0.97-0.98 for intra-observer reliability and 0.99 for inter-
observer reliability in the injured population have been reported.31 
Another method for determining maximum dorsiflexion range of motion involves the 
use of an inclinometer. The athlete stands on a box 30-45 cm high with the knee flexed or on 
the ground in a similar position to the traditional WBDFL test. The athlete then performs 
forward displacement of the trunk as far forward as possible while keeping the heel on the box. 
The short arm of the inclinometer is placed on the posterior portion of the Achilles tendon 
about one centimeter superior to the posterior calcaneal tuberosity.31 This device has a high 
reliability of 0.85-0.96. Phone apps such as TiltMeter  have been shown to have comparable 
reliability in measuring dorsiflexion range of motion and is free to install.31  
Discussion  
 Most research pertaining to screening assessments and their ability to predict future 
injury focuses on the Functional Movement Screen. This test is the most common assessment 
 
 
used in settings outside traditional athletics, such as the military, police academies and 
firefighters. The majority of studies agree that the cutoff score for a higher injury risk is a score 
less than or equal to fourteen(Table 1). However, one study found a 4.7 time increase in injury 
risk with scores under 17.32 Another study established different threshold scores for men and 
women under 12 and 15 respectively.25 Sensitivity for the FMS is between 0.55-0.60 and 
specificity 0.49-0.61 depending on the study. However, the last study looked at determined 
that at least one asymmetry, regardless of total score increased injury risk.5 Overall, the FMS 
identifies athletes with dysfunctional movement patterns, specifically a low score and 
asymmetry, and indicates these athletes are more likely to suffer a time loss injury. 
Implementing the FMS into a pre-participation exam (PPE) for athletes is a reasonable 
suggestion. This tool requires minimal equipment and is inexpensive as long as the athletic 
trainer has an understanding of the testing movements and scoring. There is a certification 
available for FMS that would make the scoring more reliable; however, it is not necessary 
before administering the FMS. With a total of seven different movement tests, it may prove to 
be difficult to carry out in large volumes of athletes with a limited amount of testing time.  
 The weight bearing dorsiflexion lunge test has great inter- and intra-rater reliability 
while collecting easy to interpret objective data. Studies have shown differences in maximal 
dorsiflexion between the dominant and non-dominant leg. Most studies have found an 
association between lower than average dorsiflexion and chronic injuries, mainly patellar 
tendinopathy (Table 2). One study found that range of motion under 36.5 degrees predisposes 
young athletes to patellar issues.33 Another reported the same but with a slightly higher cutoff 
value of 45 degrees.34 However, these studies didn’t necessarily look at the ability of this value 
 
 
to predict future injury, just listed that lack of dorsiflexion is a risk factor for developing patellar 
tendinopathy.  Most studies don’t look solely at dorsiflexion ranges when determining injury 
risk. They tend to include a wide variety of factors, many which are non-modifiable, such as 
femoral notch width and Q-angle. Due to this, there is a lack of evidence in the significance of 
dorsiflexion deficits in acute injury risk. Instead authors include things like age and past injury 
history, which affects dorsiflexion range of motion, and participation in regular weight training 
as more predictive factors of injury risk. This screening assessment is easy to implement as a 
clinical athletic trainer. The testing procedure is quick, and requires minimal training and 
equipment. However, research indicates the need to include the dorsiflexion lunge test with at 
least one other screening assessment tool to improve the predictive ability of injury risk. 
 Objective lower extremity strength assessments are difficult to determine without the 
proper equipment. A hand held dynamometer or an isometric/isokinetic dynamometer is 
required to assess an athlete’s maximal isometric or isokinetic strength. For the most part, it 
makes this testing procedure unrealistic for the practicing athletic trainer on a budget. But, 
research indicates that there is a relationship between hip musculature and injuries. One study 
measured the muscles of the six actions of the hip joint using a hand held dynamometer (Table 
3). They found a relationship between hip muscular imbalances and the prevalence of chronic 
overuse injuries in runners.28 The abductors and flexors on the injured side were significantly 
weaker than the non-injured side while the adductors of the injured side were significantly 
stronger. A second study used an isokinetic kin-com machine to measure concentric and 
eccentric hamstring and quadriceps strength. They reported that a mixed ratio of hamstring 
eccentric strength to concentric quadriceps strength is highly specific for detecting a risk of 
 
 
hamstring injuries.35 A similar study found that a lower hamstring to quadriceps strength ratio 
increased the risk of traumatic leg injuries. Quad dominance in particular increases the strain on 
the ACL and is a potential risk factor for tears.36 All of the studies looked at showed that an 
imbalance in muscular strength whether it’s between the agonist and antagonist muscles or a 
side to side balance increases the risk of lower extremity injury.  
 The Star Excursion Balance Test (SEBT) has largely been used in the past to detect 
balance issues that predispose an athlete to ankle injury and also in return to play protocols 
after ankle and knee injuries. Several studies have indicated that asymmetry in reaching 
distance has the potential to determine athletes at a higher risk of future injury. Plisky et al.24 
found a 2.5 time increase in lower extremity injury risk with side to side differences in anterior 
reach (Table 4). He also reported that females with a composite reach distance less than 94% of 
limb length are six times more likely to sustain a lower extremity injury. A similar study focused 
just on the incidence of non-contact knee and ankle injuries in collegiate athletes. They also 
found a significant association between non-contact injury and a side to side asymmetry in both 
absolute and normalized anterior reach distance.37  
The SEBT is composed of eight different reaching directions. However, it has been 
shown that reach performance is all eight directions is unnecessary and repetitive. The 
posteromedial (PM) direction is most strongly associated with performance when looking at the 
ankle.38 PM, anteromedial (AM) and the medial directions also identify significant differences in 
the limbs without repeating too many similar movements. Going off these findings, the Y 
Balance test (YBT) was adapted from the SEBT to minimize the testing time and effort. Patients’ 
reaches are assessed in the anterior, PM and posterolateral (PL) directions. Comparable to the 
 
 
findings of the studies involving the SEBT, asymmetry between limbs was found to increase 
injury risk. Gonell et al.23 determined that a side to side difference of greater than 4cm in the 
PM direction increased the likelihood of sustaining a non-contact injury 3.86 times. He also 
found that a low composite score almost double the injury risk. Smith et al.39 reported a 2.2 
time increase in injury in athletes with an anterior reach asymmetry of over 4cm. A low 
sensitivity and no association between injury risk and composite score was also stated in this 
study.  
The YBT is a reliable screening assessment that yields easy to use data with a specificity 
of 0.67 and sensitivity of 0.87.37 Multiple authors suggested implementing this test into the PPE 
to identify and then improve deficits throughout the season. All studies looked at specified that 
side to side asymmetry in reach distance, independent of the direction, increases injury risk. 
Four centimeters has commonly been used as the threshold for differences in reach values. 
However, it has been suggested to only use this cutoff number in the populations it was 
designed for.39 The use of the YBT and SEBT and their accuracy in predicting injury varies 
between levels of competition and type of sport. The data is potentially more useful when used 
without a cutoff score and just looks at general asymmetries, especially in the posteromedial 
and anterior directions. Future studies should focus on the ability of just the anterior reach 
direction in isolation and its ability to predict injury as a more streamlined assessment of injury 
risk.  
Clinical Recommendation 
 
 
 Practicing athletic trainers are often short on time and resources, especially in the 
secondary school setting. Therefore, the ideal injury prediction assessment should be 
inexpensive, applicable to multiple sports and genders, specific for injuries that are common in 
each sport, require minimal equipment and training, and allow for a large number of athletes to 
be tested efficiently.  Also, a test with a higher sensitivity value over specificity is preferred 
because the athletic trainer’s goal is to avoid false negatives when screening athletes. These 
athletes are at a higher risk for injury, but will receive no additional targeted rehab to lower this 
risk. False positives, on the other hand, aren’t as detrimental because adding extra preventative 
rehab exercises for athletes without deficits isn’t proven to be harmful.  Ideally, the test should 
have a negative likelihood ratio less than 0.1 to effectively rule out the risk of injury with a 
negative test result. A positive likelihood ratio of over ten significantly increases the probability 
of injury with a positive test score. Although no assessment tool is perfect in all of these 
categories, each does have their strengths and weaknesses.  
 The FMS has the largest amount of research specifically looking at its ability to predict 
future injury in athletes of a variety of settings. However, because the FMS is made up of seven 
movements which are each scored on a scale of zero to three, it may be difficult to implement 
this testing method with a larger group of athletes. Although minimal equipment is required 
because the athletic trainer doesn’t necessarily need the FMS specific testing kit, they do need 
some training to properly score the movements. It would be more efficient to train seven 
different people, one per testing movement, to set up a station based assessment screen, but 
this would be difficult in smaller school setting with limited personnel.   
 
 
The cutoff score of fourteen has been used as the threshold for higher injury risk for 
athletes that score below fourteen. This value is highly specific, but has a very low sensitivity at 
0.26. Therefore, there will be many false negatives even though the FMS is good at determining 
true negatives. This leads to a positive likelihood ratio of 2.00 and a negative ratio of 0.85 
(graph 1). It has also been determined that athletes are at a higher risk of injury if at least one 
side to side asymmetry is present. The sensitivity increases to 0.58 when focusing on this 
outcome of the FMS. Nevertheless, there are only minimal changes in the post-test 
probabilities at 20% and 10% for a positive and negative test score respectively (graph 2). The 
number of false positives identified increases and the amount of false negatives decrease, but it 
still represents close to half of the total injured population. 
The Y Balance Test had the highest reported sensitivity of all the assessment tools at 
0.87.37 This test produces very few false negatives, but will have a relatively high number of 
false positives.  The YBT also had the best likelihood ratios which produced the greatest effect 
on post-test probabilities (graph 3). The negative likelihood ratio of 0.19 is equivalent to a 
moderate change in post-test probability at 3% which is the lowest of the screening 
assessments.  
The YBT requires only a tape measure and athletic tape, materials that every athletic 
trainer has on hand, while minimal training is required because of the simple testing procedure. 
There is also minimal time commitment for the YBT making it easier to implement on a large 
number of athletes than the FMS. The studies have identified that side to side asymmetry in 
reaching distance as well as the composite score to be effective predictor of future injury. Most 
of the studies separate contact and non-contact injuries which is arguable the most useful 
 
 
aspect in recommending this screening assessment. Athletic trainers can work only to prevent 
the non-contact injuries because generally these occur due to deficits in the kinetic chain or 
neuromuscular issues which can be improved through rehab. Although there is limited 
research, there is a possibility of using the YBT in addition to other testing methods to more 
accurately identify those at risk because the YBT is so easy to implement.  
The Weight Bearing Dorsiflexion Lunge test is also inexpensive, quick and easy to 
implement for practicing athletic trainers. The equipment is similar to the YBT and minimal 
training is necessary due to the simple testing procedure. However, most studies used the 
WBDFL test to identify athletes at higher risk for chronic patellar tendinopathies.34,40 There is 
limited research on the ability of the WBDFL to predict acute injuries and most studies combine 
the WBDFL with a variety of other screening assessments. Due to this, no sensitivity or 
specificity values have been determined solely for the WBDFL test’s ability to predict acute 
injury. Therefore, the WBDFL test is not recommended for athletic trainers to use 
independently. It is a possibility to combine this test with other screening assessments because 
it is very applicable to implement for the practicing athletic trainer, especially when the goal is 
to identify those at risk for chronic injury. 
The gold standard for measuring lower extremity strength is an isometric 
electromechanical dynamometer.29 This machine is extremely expensive and is most likely not 
available to athletic trainers. The hand-held dynamometer has proven to be similar to the gold 
standard when determining strength to return to play with a specificity of 0.72 and sensitivity 
of 0.83.29 The hand-held dynamometer also allows the athletic trainer to assess strength in 
other muscles than just the quadriceps and hamstrings such as the hip musculature. Studies 
 
 
have shown the side to side strength imbalances of the hip musculature to be a risk factor in 
chronic injuries.28 Hamstring to quadriceps strength ratio is the main predicting factor in ACL 
ruptures.36 This indicates that strength assessment is an important factor in screening for injury 
risk. Unfortunately, the equipment needed for objective measurements is expensive and largely 
inapplicable for athletic trainers in a small setting. Similar to the DFL test, lower extremity 
strength measurements are often used in conjuncture with other screening assessments and no 
sensitivity/specificity values have been reported for injury prediction. 
Conclusion 
 Lower extremity injury accounts for nearly 50% of all collegiate athletic injuries with 
11,000 ankle sprains and 2,000 ACL tears annually. The NCAA injury rate is 13.8 injuries for each 
1,000 athlete exposures.1 This increasing injury rate indicates a need to identify the risk factors 
associated with lower extremity injury, especially non-contact injuries. After determining which 
athletes are at a higher risk of injury, athletic trainers will have the ability to implement 
targeted, individualized, rehabilitation programs to improve identified deficits and ultimately 
reduce the injury rate. 
 Athletic trainers are often responsible for a large number of athletes therefore having a 
limited amount of time and resources. These health care professionals are at the forefront of 
dealing with athletic injuries and are in need of an injury risk assessment tool that allows them 
to identify individual deficits to more effectively rehab these athletes who are at a higher risk of 
injury. This assessment tool must be inexpensive, quick and easy to implement and have the 
ability to screen large numbers of athletes. The Y Balance test meets all these criteria while 
 
 
providing a more significant change in post-test probabilities than the other screening 
assessments. 
 The Y Balance test is recommended for practicing athletic trainers because it is specific 
to non-contact injuries, it produces very few of the possibly detrimental false negatives and the 
post-test probability of an athlete with and without an asymmetry in the anterior reach 
distance is 30% and 3% respectively, the best of the screening assessments. Although research 
is lacking, there is a possibility of combining the YBT and other screening assessments such as 
the DFL test, lower extremity strength assessment and the Landing Error Scoring System for a 
more accurate understanding of individual deficits. The YBT is recommended for athletic 
trainers of all levels and settings to implement during the preseason, pre-participation exam to 
identify athletes at a higher risk for injury throughout the season and modify these deficits to 
decrease the likelihood of injury. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Star Excursion Balance Test 
https://www.youtube.com/watch?v=YG5Hf7jwDrQ 
Fig. 2: Y Balance Test with athletic tape 
http://www.institutocohen.com.br/biolabcohen.php 
Fig. 3: Y Balance Test with slide boards 
https://www.functionalmovement.com/store/23/y_balance_test_kit 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Functional 
Movement Screen 
http://thestrengthathlet
e.com/scienceresearch/
2014/4/10/functional-
movement-screen-for-
strength-sports 
Fig. 6: Dorsiflexion 
Lunge test 
https://www.weckmethod.
com/articles/ankle-
strengthening-exercises-
stretches-to-reduce-injury 
Fig. 5: Lower 
extremity strength 
assessment of the 
quads with hand-held 
dynamometer 
(Sinacore JA, 2017) 
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Table 1 Functional Movement Screen 
 Kiesel et al5 Knapik et al25 Shojaedin et al32 
    
Study Design Prospective Cohort Prospective Cohort Prospective cross sectional 
Participants 238 professional football players on 
a total of two teams 
770 male and 275 female incoming 
freshman cadets age 18-22 in the 
Summer Warfare Basic Training 
100 healthy college aged 
recreational and competitive 
athletes (50 male and 50 female) in 
football, handball and basketball 
Excluded if using a prophylactic 
device or suffered a recent injury 
Intervention Investigated FMS included in PPE and conducted 
by strength and conditioning staff 
with extensive FMS experience 
Injuries were tracked throughout the 
preseason and coded as joint or 
musculoskeletal injury 
At the end of preseason, players 
were separated as sustaining an 
injury  or remaining uninjured 
Injury was defined as a time loss 
injury 
FMS conducted before training by 
research staff. Each tester was 
trained only in the one test they 
were administering, but all 
monitored by PT certified in FMS 
PT diagnosed SWAB training related 
injuries and recorder throughout the 
year 
Injury defined as physical damage to 
body resulting in a clinic visit 
FMS was conducted by two PTs prior 
to the competitive season 
Athletes were separated into the 
groups injured, non-injured, below 
or above the cutoff score of 17 
    
Main Findings 25% of the football players were 
injured with the knee being the most 
commonly injured. 
The mean FMS score 16.9 for all 
subjects, injured: 16.1, non-injured: 
17.4  
18.6% of males and 24.7% of 
females sustained an injury 
Males were at a higher injury risk 
with FMS scores under 12  with 
sensitivity of 0.55 and specificity 
0.49 
The average FMS score was 16.7 
A score of less than 16.5 resulted in 
a 4.7 times greater chance of injury 
There was a statistical difference 
between preseason FMS scores of 
the injured and non-injured groups 
 
 
Significant difference in the number 
of players with at least one 
asymmetry on the FMS between the 
injured and non-injured groups 
A score of less than 14 yielded an 
injury risk of 1.87 with sensitivity of 
0.26 and specificity of 0.87 
One asymmetry increased the risk of 
injury to 1.8 with sensitivity of 0.58 
and specificity of 0.62 
A combination of asymmetry and 
score below 14 was highly specific 
for injury at 0.87 
Females were at higher injury risk 
with FMS scores under 15 with 
sensitivity 0.60 and sensitivity 0.61 
Athletes competing in basketball had 
lower scores on all seven FMS tests 
27% of participants scored under 14 
Of participants scoring under 17, 22 
were injured and 9 remained 
healthy. 24 were injured and 34 
remained healthy in the group of 
people who scored over 17 
   
Level of Evidence 2b 2b 2a 
Conclusion  Athletes with dysfunctional 
movement patterns (low FMS score 
and asymmetry) are more likely to 
suffer a time loss injury 
The cutoff score was validated in this 
study at less than 14 
One asymmetry increased the injury 
risk regardless of overall FMS score 
The FMS predicted injury risk with 
moderate accuracy in female cadets 
and low accuracy in males 
There was a 4.7 time greater chance 
of injury with a FMS score less than 
17 
Including the FMS as part of the PPE 
is low cost and simple to implement 
Abbreviations: PPE, Pre Participation 
 Exam PT, physical therapist 
   
    
 
 
 
 
 
Table 2 Weigh Bearing Dorsiflexion Lunge 
 Backman et al40 Malliaras et al34 Gabbe et al33 
    
Study Design Prospective Cohort Cross-Sectional Prospective Cohort 
Participants 75 Swedish junior basketball players 
at the national elite level age 14-20 
(38 males and 37 females) 
Excluded if history of Osgood-
Schlatters, ACL reconstruction or 
anterior knee pain presently 
113 male and female volleyball 
players over 18 years old 
126 adult Australian community 
level football  clubs 
Intervention Investigated DF range tested and development of 
patellar tendinopathy over one year 
DF lunge test angle recorded with 
inclinometer 
Clinical exam by PT one year later for 
anterior knee pain, decrease in knee 
function, palpable tenderness, 
activity related pain or pain with 
decline single leg squat or if these 
symptoms occurred anytime 
throughout the year 
Pain scale with decline single leg 
squat and ultrasound image were 
taken one week before the season 
with DF lunge scores split athletes 
into 3 groups: normal tendon, 
abnormal and no pain, and patellar 
tendinopathy 
Baseline assessments conducted 3 
weeks prior to competitive season 
by PTs including weight bearing DF 
lunge test 
4 month injury surveillance by club 
PT. Injury defined as damage 
resulting in missed participation and 
or treatment from a health care 
professional 
Main Findings Average DF was 38.7 degrees on the 
dominant leg and 40.0 degrees on 
the non-dominant 
12 athletes with unilateral 
tendinopathy. There was no 
difference in tendinopathy between 
the dominant and non-dominant leg 
36.5 degrees of DF was the cutoff for 
tendinopathy. 18-29% risk in high 
Significant difference  in DF range 
between tendon health groups 
mainly  on the right side 
45 degrees was the most accurate 
cutoff score with an increased risk of 
tendinopathy 1.8-2.8x 
No indication of predicting 
development of injury, just 
53% of the participants sustained LE 
injuries 
DF lunge was the only factor found 
to be associated with LE injury 
Players with a history of 2 or more 
injuries in the previous season were 
at an increased risk of injury 
Athletes were more than 13 cm of 
 
 
risk group ( less than 36.5 degrees of 
DF) compared to 1.8-2.1% in the low 
risk group 
Higher incidence of tendinopathy in 
athletes with history of 2 or more 
ankle sprains with predispose them 
for lower DF range 
Cutoff scores not applicable to other 
ages/sports 
predisposing factors 
 
DF were less likely to get injured that 
those with less than 9cm of DF 
 
    
Level of Evidence 2b 1 2b 
Conclusion  DF lunge range of motion under 36.5 
degrees predispose young basketball 
players to patellar tendinopathy 
Players with less than 45 degrees of 
DF are at a greater risk of having 
patellar tendinopathy 
DF lunge range of motion was the 
single univariate association for LE 
injuries. Other factors included age, 
past injury history and participation 
in regular weight training 
Abbreviations: DF, dorsiflexion 
PT, physical therapist  
LE, lower extremity 
   
    
    
 
 
 
 
 
 
 
 
 
Table 3 Lower Extremity Strength Assessments 
 Niemuth et al28 Croiser et al35 Soderman et al36 
    
Study Design Descriptive Analysis Prospective Cohort Prospective Cohort 
Participants 30 recreational runners, 17 females 
and 13 males  (10 miles per week) 
with a single leg overuse injury 
referred by a PT clinic 
30 non-injured randomly selected 
recreational runners, 16 females and 
14 males 
Patellofemoral pain, plantar fasciitis, 
IT band friction syndrome, stress 
fracture, Achilles tendinopathy and 
medial tibial stress syndrome 
included 
Excluded if they participated in 
competitive running, had bilateral 
pain 
 
462 soccer players on the Belgian, 
Brazilian and French professional 
teams with an average age of 26 
years old 
 
146 athletes from Swedish soccer 
teams 
Intervention Investigated 2 trials of max isometric contraction 
of the 6 muscle groups of the hip 
joint (flexors, extensors, adductors, 
abductors, internal and external 
rotators) were recorded by a PT with 
a hand-held dynamometer 
Preaseason isokinetic testing of the 
hamstring and quadriceps with a kin-
com dynamometer 
3 submax warmup repetitions 
before 3 reps at 60 degrees/sec and 
5 reps and 240 degrees/ sec with 1 
minute rest in between sets 
Athletes separated by imbalances of 
15% bilateral differences, concentric 
H/Q ratio and mixed ratio 
Muscle torques with kin-com 
dynamometer were conducted 
preseason 
5 trials recorded at 90 degrees/sec 
to determine maximal isokinetic 
contraction 
 
 
deficiencies 
Hamstring injuries were recorded 
over 9 months and defined as pain 
with palpation, active contraction or 
stretch, diagnosis with MRI or 
ultrasound and 4 weeks of playing 
time missed 
Main Findings The abductors and flexors of the 
injured side were significantly 
weaker than the non-injured side. 
The adductors were significantly 
stronger on the injured side 
The external rotators trended 
toward weakness, but were not 
significant 
The only difference in hip flexion 
strength was between participants 
who were injured for the first time 
versus those who reinjured 
There was similar strength in the 
non-injured limbs in both the 
experimental and control groups 
47% of all athletes had an isokinetic 
strength disorder. 35 athletes 
sustained a hamstring injury 
Players with untreated strength 
imbalances were at a 4-5x higher risk 
for hamstring injury 
H eccentric/Q concentric ratio was 
highly specific for injury 
Simple eccentric exercise program 
could decrease the hamstring injury 
occurrence 
Restoring balance after isokinetic 
testing decreased the injury rate 
50 traumatically injured athletes 
with 5 ACL tears and  17 overuse 
injuries recorded 
Low H/Q concentric ratio was 
related to higher risk of injury 
All 5 ACL tears had a lower H/Q ratio 
on the injured side and were all 
lower than 55% 
Higher H/Q concentric ratio was 
found in athletes with overuse 
injuries 
Hyperextension of the knee, low 
concentric H/Q ratio, low postural 
sway, and a high exposure to soccer 
were the most important risk factors 
Females take longer to generate max 
hamstring torque during isokinetic 
testing which could be a potential 
risk factor in ACL tears 
    
Level of Evidence 2b  1 2b 
Conclusion  There is a relationship between hip 
muscle imbalances and injury 
Strength imbalance side to side with 
a low H/Q ratio increases the risk of 
A lower H/Q ratio increases the risk 
of traumatic leg injuries and a higher 
 
 
patterns in runners with overuse 
injuries, the hip abductors in 
particular 
hamstring injury ratio increases the risk of an overuse 
injury 
Quad dominance increases the 
strain on the ACL 
Abbreviations: H/Q, Hamstring 
To Quadriceps strength ratio 
 
   
    
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4 Star Excursion Balance Test/Y Balance Test 
 Plisky et al24 Gonell et al23 Smith et al39 Stiffler et al37 
     
Study Design Prospective Cohort Prospective Cohort Prospective Cohort Retrospective Cohort 
Participants 235 high school basketball 
players (130 males, 105 
girls) 
Excluded if there was 
vestibular dysfunction or 
lower extremity injury 
within one month 
74 male professional 
soccer club athletes 
184 Division I collegiate 
athletes competing in 
basketball, cross-country, 
football, golf, volleyball, 
track and field, swimming, 
tennis and soccer 
Participants were excluded 
if they had a current injury 
147 Division I athletes 
from one university 
Excluded if there was a 
history of lower extremity 
injury 
Intervention Investigated Subjects were 
prospectively followed 
throughout the 
competitive season 
Previous injury history, 
current lower extremity 
symptoms and use of 
brace/tape were recorded 
6 practice trials and 3 
recorded trials for max 
reach distance in PM, PL 
and Ant direction with the 
SEBT 
Leg length was also 
measured to normalize 
reach distances 
Injuries were tracked 
throughout the year. 
Injury was defined as 
Athletes were 
prospectively followed 
throughout the 
competitive season 
Previous injury history, 
MOI and previous time 
loss due to injury were 
recorded  
6 practice trials and 3 
recorded trials to 
determine max reach 
distance in ANT, PM and 
PL directions 
Injuries were recorded by 
a PT and defined as an 
event that caused the 
athlete to miss at least one 
training day 
Athletes then separated 
Athletes were followed for 
one sport season 
Everyone was blinded 
from the YBT score as it 
was conducted with the 
PPE by certified raters 
4-6 practice attempts and 
3 recorded trials for max 
distance in the PM, PL and 
ANT directions 
Injuries were tracked and 
defined as the first 
musculoskeletal problem 
with a non-contact MOI 
that caused patients to go 
the athletic training room 
and required intervention 
Contact injuries were 
excluded, but overuse 
Preseason PPE testing with 
the SEBT conducted by 
raters trained by the 
certified athletic trainer 
Injury history, injury 
status, surgical history and 
starting status were 
recorded 
4 practice trials with 3 test 
trials for maximum reach 
distance 
Athletes were separated 
into healthy or injured 
group if they sustained a 
non-contact knee or ankle 
injury in the competitive 
season 
Injury was defined as an 
acute non-contact 
 
 
injury to the limb during 
practice or game which 
caused restricted 
participation or removal 
from play in current or 
next practice/game 
into equal reach, 
difference of greater than 
4cm or less than 4cm 
groups. Injuries were 
classified as contact or 
non-contact 
injuries were included musculoskeletal condition 
which required the athlete 
to be removed from play 
for at least one day 
 
Main Findings 23% of subjects suffered 
an injury with 92.5% of 
those being traumatic  
Females with a composite 
reach distance less than 
94% of limb length were 
6x  more likely to be 
injured. This was not true 
in males 
ANT right vs left difference 
of 4cm or greater, a 
decreased normalized 
right ANT reach and 
decrease PM, PL and 
composite distances 
bilaterally were all 
significantly associated 
with LE injury 
A side to side difference of 
greater than 4cm in the 
PM direction yielded a 
3.86x increase in the risk 
of a non-contact injury 
Low scores in the ANT 
direction had a 2x increase 
in risk of a contact injury 
All injury risk was 
increased 2x with a 
composite reach less than 
average and a 2.25x 
increase for non-contact 
There were 81 non-
contact injuries 
ANT reach asymmetry of 
4cm or greater resulted in 
a 2.2x increase in injury 
with low sensitivity 
Composite score was not 
associated with an 
increase in injury risk 
No significant difference 
between the injured and 
non-injured reaches 
There were 29 non-contact 
injuries recorded 
Side to side asymmetry in 
the ANT reach distance, 
absolute and normalized 
to limb length, was 
significantly associated 
with non-contact injury 
with a sensitivity of 0.87 
and specificity of 0.67 
Using the typical 4cm 
asymmetry cutoff 
produces only 48% of the 
injured group and 73% of 
the healthy group being 
screened correctly 
There was an 82% 
accuracy in classifying 
injury with ANT reach 
asymmetry, sport, sex and 
athlete exposure 
     
Level of Evidence 2b 2b 2b  2b 
Conclusion  SEBT is a quick a reliable 
screening assessment for 
large groups of people 
Inequalities between right 
and left reaches over 4cm 
have a 4x increase risk of 
missed days due to non-
Clinical use of the YBT and 
association to injury in 
multiple sports is 
Side to side asymmetry in 
the ANT direction of the 
SEBT is associated with an 
increase in predictive 
 
 
A greater side to side 
difference in ANT reach 
distance resulted in a 2.5x 
increase for injury 
SEBT can be put in the PPE 
and can improve deficits 
with neuromuscular 
preseason training 
contact injury 
Lower composite scores 
result in a greater 
possibility of missed days 
The YBT could be a useful 
preseason test and to 
determine return to play 
following injury 
questionable 
Asymmetry between limbs 
was a greater predictor of 
injury than overall reach 
differences between 
injured and non-injured 
athletes 
probability of a non-
contact knee or ankle 
injury 
Abbreviations: PPE, pre participation 
Exam PM, posteromedial PL, postero- 
Lateral ANT, anterior MOI, mechanism 
Of injury 
    
     
     
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Graph 1: Nomogram FMS score 
under 14 
Sensitivity: 0.26  Specificity: 0.87 
+LR: 2.00   Post-test: 25% 
-LR: 0.85  Post-test: 12% 
 
Graph 2: Nomogram FMS asymmetry 
Sensitivity: 0.58   Specificity: 0.62 
+LR: 1.53   Post-test: 20% 
-LR: 0.68   Post-test: 10% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Graph 3: YBT non-contact injuries 
and anterior reach asymmetry 
Sensitivity: 0.87   Specificity: 0.67 
+LR: 2.64   Post-test: 30% 
-LR: 0.19   Post-test: 3% 
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